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Synopsis

Die Humus- und Stoffdynamik und die biologische Aktivität eines Eisen-Humus-Podsols wurde in den Jahren 1986 
bis 1988 untersucht. Der stark versauerte Waldboden weist eine geringe biologische Aktivität mit schlechtem 
Streuumsatz und mit starker Humusakkumulation auf. Insbesondere Oribatiden und Dipterenlarven sind an der 
Bildung des feinhumusreichen Rohhumus beteiligt. Dieser ist Konsequenz der mangelnden Bioturbation, weil 
Regenwürmer fehlen. Der Podsol ist durch hohe Eiementausträge aus dem Wurzelraum gekennzeichnet. Dies ist 
bei den Schwermetallen auf die Vesauerung zurückzuführen. Eine rezente Podsolierung konnte durch die 
Untersuchung der Bodenlösung auf Kohlenstoff-, Eisen- und Aluminium nachgewiesen werden. Aluminium und 
Eisen lagen im Oberboden hauptsächlich in organischen Metall-Komplexen und im Unterboden als anorganische 
Spezies vor. Die Stickstoffzufuhr über die Niederschläge, die Stickstoffakkumulation im Humuskörper und der N- 
Austrag sind in zunehmendem Maß anthropogen verursacht.

Hzolic Podzol, organic matter transformation, C-N-AI-Fe cycle, biotic activity, podzolization

1 Introduction
Fresh organic residues are decomposed in the soils and transformed into solid and soluble humic substan
ces. In the forest soils organic matter transformations could be retarded due to a low pH and nutrient supply 
(MITCHELL & NAKAS 1986). The production of acids during podzolization and the anthropogenic input of aci
dic compounds (KREUTZER 1989) reduces the activity of soil fauna and microflora (SCHULZE & al. 1989).
In a sandy Haplic Podzol under Pine and Spruce in Northwest Germany morphological features indicate pod
zolization (BLUME 1986). The intention of this paper is to verify recent soil degradation by acidic soil com
pounds, humus accumulation and translocation as well as metal and nitrogen output by means of investigati
ons of humus, water- and C-N-AI-Fe-dynamics, biotic activity and soil fauna.

L Site and Method 

T1 Site
A sandy Haplic Podzol in the Holsteinische Vorgeest (Precipitation 750 mm, annual mean temperature 8.3°C) 
was investigated. Selected soil properties are presented in Tab. 1 . The Pine (Pinus silvestris) and Spruce 
(Picea abies) forest was planted at the end of the last century after the heather vegetation had been burnt. 
The strongly acidified soil is characterized by a thick organic layer (Fig. 1). About 50% of the soil carbon is 
accumulated in the O-horizons. This is why most of the soil fauna lives in this organic layer (Fig. 2 ). 
Earthworms, which dig in deeper horizons are of minor importance in this soil (Fig. 2). The Bh as a sink of hu
mic compounds is typical for this soil type (Fig. 1).

2.2 Methods
All soil properties (Tab. 1) were determined according to SCHLICHTING & BLUME (1966). Soil organic matter 
(SOM) composition was determined with a wet chemical extraction procedure (BEYER & BLUME 1990). Soil 
fauna was estimated as described by BEYER & IRMLER (1991). From June 1986 to May 1988 the dynamics 
of water, elements and microbial activity were measured every fortnight. The soil solution was extracted by 
centrifugation. All carbon fractions were determined by dry combustion (C-Analyzer, Fa. Strohlein) and all N- 
fractions by using a Flow-Injection-Analyzer (Fa. Tecator). Al, Fe and Ca were determined with an AAS (Per
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kin Elmer 5000*HGA 500). The fractionation of aqueous Al and Fe was executed with a cation exchanger 
(Amberlite IR-120, Fa. Serva) according to DRISCOLL (1984). Soil respiration was calculated with a modified 
Lundegardh procedure (ANDERSON 1982). The degradation of buried cellulose was observed according to 
LINGER (1960). Thermal supply was estimated using the temperature (BEYER & SIBBESEN, 1991) and heat 
capacity of soil matter; H20-supply and balance using the water tension and input with the aid of VAN GE- 
NUCHTEN's model (1980). The ion balances were calculated with the aid of the water balance and the ion 
concentrations in the soil solution. For detailed information of cycles, balances and all methods see BEYER 
(1989) and PETERS (1991).

Tab. 1: Properties of a sandy Haplic Podzol under pine and spruce in the Segeberger Forst.

hori
zon

depth
cm

bulk
dens.

pH
CaCl2

Ca K Mg
mmolc’

Na
‘kg*1

H+AI BS
%

Fej Fe0 
-  mg*g'1-

Corg
%

N t
%

C/N HA/FA

L 15-13 0.03 3.5 85 11 18 5 166 24 nd nd 50.8 1.45 41 1.25
Of 13-7 0.16 3.0 93 5 22 4 585 12 nd nd 45.5 1.65 28 2.11
Oh 7-0 0.21 2.6 83 5 18 5 680 10 nd nd 35.2 1.42 25 1.94
Aeh 0-10 0.81 2.7 22 3 5 2 156 11 0.6 0.5 7.6 0.46 16 1.58
Ahe -20 1.54 3.1 2 1 1 1 13 25 0.1 0.1 1.3 0.05 25 1.33
Bh -25 1.37 3.1 7 0 2 279 3 1.8 1.8 8.0 0.23 35 0.70
Bhs -30 1.37 4.0 1 0 0 0 141 1 9.7 6.3 2.4 0.09 26 0.33
CBvs -70 1.59 4.5 1 0 0 0 26 3 0.6 0.2 1.0 0.03 40 0.34
GCv -160 1.59 4.7 1 0 0 0 13 6 nd nd 0.1 0.01 10 nd

bulk dens.: bulk density in g*cm'3, Ca, Mg, Na, H+AI in NH4CI, BS: base-saturation per centage in % of CEC, 
Fej: dithionite soluble iron, Fe0: oxalate soluble iron, Corg: organic carbon after dry combustion, Nt: total nitro
gen after Kjehldahl-Extraction, HA: humic acids, FA: fulvic acids after NaOH-Extraction, 
nd: not determined.

ggj FAT/WAXES g  FULVIC ACIDS

I I LITTER COMPOUNDS ||l] HUMIC ACIDS

AGGR. FULVIC ACIDS HUMINS

Fig. 1: Composition and Distribution of Soil Organic Matter in a Haplic Podzol under Pine (Pinus silvestris)
and Spruce (Picea abies) in Northwest Germany (in g soil*l’1).
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gfm*m .2

mg dm*m ’2
animal group 1986 1987

Collembola 74 57

Oribatei 135 260
Lumbricidae 36 12

Enchytraeidae 25 4

Diptera larv. 3 22
Tipulidae larv. 22 284
Gastropoda 8

Fig. 2: Composition and Distribution of Soil Fauna in a Haplic Podzol up to a depth of 50 cm in the Segeber-
ger Forst, Northwest Germany (fm: fresh mass, dm: dry mass).

3. Results and Interpretation
The main rainfall occured in winter giving rise to the peak of N-input (Fig. 3). In this sandy soil oxygen was ne
ver a minimum factor, because the air volume was always >15% . Shortage of water never took place 
probably due to precipitation of approximately 800 mm and the high water capacity of the organic layer. The 
water supply was high enough with >100 l*m‘2 (Fig. 3: H20). A strong correlation between litter fall and the 
thickness of the litter layer (L-horizon) was observed during the vegetation period. This large food supply im
mediately stimulated the soil fauna (see Fig. 3). Especially in the year 1987 and after mechanical decompositi
on and/or digestion by soil animals, C 02 was released by microorganims (Fig. 3: Resp) by degrading cellulo
se (Cel), which is the main part of litter (SZEGI 1988). C-supply in the soil solution was correlated with micro
bial activity (rco2*c = 0-75***, rGe|»c = 0.52**, n=24). At the next step of SOM turnover nitrogen was released, 
especially in autumn and winter. The N-supply was also stimulated by the N-input with rainfall. Microorganism 
activity was strongly correlated with thermal supply (see Fig. 3).

in the Podzol the interactions between litter supply, mass of soil fauna, microbial activity, C- and N-release 
could be shown well, although SOM transformation was at the end of the possible range in Northwest Germa
ny (BEYER 1990). Two years after litter fall only 50% of the fresh plant material had been broken down (Fig. 
4). A large organic layer had developed (Tab. 1 , Fig. 1 ). Its formation could be reconstructed by an investigati
on of the carbon cycle. The carbon surplus was about 90 gC*m'2*a' 1 (assuming that according to ANDER
SON (1982) root respiration is 20% of total respiration). The large organic layer contained about 10 kgC*m 2 

(Tab. 2). That means a formation time about 1 0 0  years, which was similar to the age of the stand (see Sites 
and Methods).

On the other hand the Haplic Podzol under Pine and Spruce was characterized by a very high carbon translo
cation into the Bh (Tab. 3). More than 50% of the soluble carbon of the leaching soil solution was fixed in the 
B-horizons (Tab. 3) and the development of the carbon sink probably was still going on (Fig. 1). Especially the 
mobile, aggresive fulvic acids were translocated from the organic layer (Of, Oh) and the topsoil into the sub
soil (Tab. 1: HA:FA). This was connected with a metal transfer, especially Al (Tab. 3). The amount of iron was 
much smaller (Tab. 3 + 4), because the parent material contained little iron (BLUME 1986). Aluminium was re
leased from the silicates in large amounts (ULRICH & SUMNER 1991) and translocated independent of SOM 
matter and podzolization as anorganic Al-species (Tab. 3+4), because of the very low pH. In the topsoil most 
of the inorganic Al-species were toxic Al3+ (Tab. 4). The concentration of total aluminium in the soil solution 
was >6.7 m gT1 and the Ca2+/AI3+-ratio <1 (Tab. 4). Both data indicate a strong phytotoxicity (ROST-SIEBERT
1985). This reduced both: microbial activity and decomposition of organic matter (BEYER 1989). Neverthe-
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less, total aluminium was much lower in the organic layer due to the lack of minerals (Tab. 1 ). Aluminium may 
also be partly fixed at the solid organic state (FRANK 1987). Most of the aluminium was fixed in alumino-orga- 
nic complexes, NATSCHER & SCHWERTMANN (1985) found that the prevailing part of monomeric alumini
um species are in reality small positively loaded complexes with the same properties at the exchanger as the 
ionic cations. The small amount of inorganic, toxic aluminium in the organic layer was probably the reason for 
the high rooting density in the Oh-horizon (ULRICH & al. 1979).

Fig. 3: Annual dynamic of selected environmental, chemical and biotic properties of a Haplic Podzol under
Pine and Spruce in Northwest Germany (calculated soil depth 50 cm).
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Fig. 4: Breakdown of litter (%) in a Pine (Pinus silvestris) and Spruce (Picea abies) forest on a Haplic Podzol
in the Segeberger Forst, Northwest Germany (±x: standard deviation, mesh size in pm).

Ta1 . 2 : Mean annual carbon balance of a Haplic Podsol under pine and spruce in the Segeberger Forst.

o o CO C-Input C-Output

layer 0-30 

g*m'2

precipi- litter1 root X 
tation residues

-- - - n*m-2*n-l

resp leach. 8

y in a

9945 15937 18 271 45 334 279 28 -27

layer: Amount of Corg in the organic layer,
0-30: Amount of Corg at a depth of 0-30 cm below soil surface, 1 including necrotic soil vegetation,
resp.: soil respiration,
leach.: leaching water; d = Output - Input.

T b. 3: Mean annual amounts of water, aluminium, iron and carbon (SOC) passing through a depth of 20 (a),
60 (b) and 150 cm (c).

Prec.
mm1

water
l*m'2*a' 1

a b c

Altotal
AI"'organic 

g*m*2*a' 1 

a b c

total
Fe'^organic  

g*m'2*a' 1 

a b c

SOC
g*rrf2*a‘1

a b c

NO3-+NH/-N
g*m‘2*a‘1

a b c
April-Sep. 186 0  0  0 0  0  0 0  0  0 0  0  0 0  0  0

Oct.-March 594 319 289 264 3.1 6.4 4.4 
1.0 1.1 0.3

0.3 0.4 1.0 
0.2 0.4 0.7

28 12  6 4.7 3.5 2.9

1 excluding interception, a: Aeh+Ahe, b: Bh+Bhs, c: CBvs
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Tab. 4: Properties of the soil solution of a Haplic Podzolunder pine and spruce.

hor. PH SOC Fe, o<D
LL Fe0 Al, Al0 Al0 Alan Al3+ Al3+ Ca2* Ca2*

% of % of % of Al3*
mg*l'1 Fe, --mg*l'1~ Al, -- mg*!'1-- mg*l'1I

UO 3.33 nd nd nd nd 0.9 0.6 64 nd nd nd nd nd
Aeh 3.17 94 1.0 0.6 58 8.9 2.2 25 6.8 6.6 98 6.0 0.9
CBvs 3.75 19 1.9 1.8 95 8.4 1.6 19 6.8 4.5 66 3.8 0.9
GCv 3.75 30 0.6 0.4 67 15.1 0.8 5 14.3 8.1 57 4.4 0.5

hor.: horizon, SOC: soluble organic carbon, Fet: total iron, Fe0: ferro-organic iron, Alt: total aluminium,
Al0: alumino-organic aluminium, Al^: anorganic Al-species, Al3*: calculated according NAIR & PREN-
ZEL (1978), all data mean from April 1986 - March 1987.

Tab. 5: Real content (RC) of nitrogen and calcium of needles from the investigated site and limiting values
(LV) in g*kg'1 of dry matter.

RC LV

Nitrogen 20.7 14.0 -17.01
Potassium 3.9 5.0 -12.02
Calcium 0.4 3.5 -8.02
Magnesium 0.6 1.0 - 2.52
Sulfur 1.3 1.0 -1.32

1acc. to FIEDLER & THAKUR (1984)
2acc. to BERGMANN (1986).

The low nutrient contents (Tab. 1: Ca, K, Mg, Na) not only affected the biological activity (index: soil respirati
on and cellulose degradation) and SOM decomposition. Ca-, K- and Mg-supply of the needles was insufficient 
too (Tab. 5). On the other hand there was no shortage of nitrogen and sulfur (Tab. 5). A sufficient N-supply 
and simultaneously an acidification of the soils had been repeatedly shown to be a typical phenomenon with 
regard to the recent forest decline (KREUTZER 1989). In Schleswig-Holstein in the Geest the nitrogen input 
(Fig. 3: NH4+ »  N 03.) is caused by the slurry management in this area (BLUME & al. 1989). This nitrogen 
did not only accumulate in the mineral topsoil (Tab. 1: C/N) as postulated by KREUTZER (1989), as in the in
vestigated soil in the Segeberger Forst large amounts of nitrogen were translocated out of the rooting area in 
contrast to carbon (Tab. 3).

4. Conclusion
The strongly acidified Haplic Podzol under Pine (Pinus silvestris) and Spruce {Picea abies) is characterized 
by a low biotic activity. This is why litter decomposition rates are low and humus is accumulated in the soil. 
Earthworms are of minor importance and no relocation by bioturbation could be observed in the soil and a 
thick organic layer has developed. Recent podzolization could be verified, as from the raw humus carbon (ful- 
vic acids), nitrogen, Al and Fe have been translocated into the subsoil. Al and N may be a risk to groundwater.
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